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Streptokinase treatment for femoral artery
thrombosis after arterial cardiac catheterisation in
infants and children
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Abstract
Data on 205 children who underwent
retrograde arterial catheterisation were
studied to assess the frequency of
femoral artery thrombosis and the
safety and efficacy of systemic strepto-
kinase treatment for this complication.
In 29 (14%) a transarterial balloon
dilatation was performed. In 15 (7-3%)
patients impaired arterial perfusion due
to vascular spasm with or without
thrombus formation was seen in the can-
nulated leg after catheterisation. Despite
heparinisation, signs of impaired
arterial circulation persisted in nine
patients (4-4% of the total). In these
patients femoral artery thrombosis was
strongly suspected. Six (53%) of these
had undergone a balloon dilatation.
Therefore in this study the risk of
femoral artery thrombosis developing
was 12 times greater after transarterial
balloon dilatation than after arterial
catheterisation without dilatation (20 6%
v 1P7%). Systemic infusion of streptokin-
ase was started in all patients with
femoral artery thrombosis. Arterial per-
fusion became normal in all patients,
though in one this was delayed.
Haematological monitoring showed
lengthening of the thrombin time and a
decrease of the fibrinogen concentration
during streptokinase treatment. There
were no serious complications.
Systemic infusion of streptokinase is a

safe and useful treatment in children
with persistent femoral artery throm-
bosis after arterial cardiac catheterisa-
tion.

Femoral artery thrombosis is the most com-
mon complication of retrograde arterial car-
diac catheterisation in children.`'3 Catheterisa-
tion of infants weighing less than 10 kg and
the growing use of transarterial balloon dilata-
tion procedures increase the frequency of this
complication.245

In older children surgical thrombectomy
has been undertaken with varying success.'45
Because the risk of extending vascular damage
is higher in neonates and infants they are less
suitable for surgical intervention.25
The systemic use of thrombolytic agents

seems to be a safe and effective alternative to
surgical treatment.45 We studied a group of
children treated with streptokinase because of
femoral artery thrombosis after cardiac cath-
eterisation.

Patients and methods
Between 1 January 1987 and 1 December
1988, retrograde arterial cardiac catheterisa-
tion was performed in 205 children. Of these,
29 (1400) children underwent transarterial
balloon dilatation. These children received an
extra intravenous bolus of heparin (110 U/kg)
during the procedure as well as the heparin
solution used routinely in every child to flush
catheters. Thirty four (16%) children
weighed less than 10 kg.

Before and after catheterisation the arterial
perfusion of both legs was assessed by
examination of arterial pulses, blood pressure,
colour, and temperature. Patients with absent
or reduced arterial pulsations, substantially
decreased blood pressure, pallor, and dimini-
shed skin temperature of the cannulated leg
shortly after the end of the procedure were
considered to have impaired arterial perfusion
due to arterial spasm with or without throm-
bus formation. We studied the data on these
patients.

In all these patients heparin was adminis-
tered for different times and monitored by the
activated partial thromboplastin time. In
patients with persistent signs of impaired
arterial circulation despite heparinisation a
tentative diagnosis of arterial thrombosis was
made and streptokinase was used for systemic
thrombolytic treatment.
The distribution of age and weight (mean

(SD)) and also the interval (mean (SD)) be-
tween the end of the catheterisation and the
start of streptokinase treatment were deter-
mined. The duration of treatment (mean
(SD)) was also assessed.

Before and during streptokinase treatment
prothrombin time, activated partial thrombo-
plastin time, and plasma fibrinogen concen-
trations were recorded in all patients; in some
patients the thrombin time was also measured.
Two hours after the end of streptokinase
treatment heparinisation was restarted in all
patients to prevent re-thrombosis after suc-
cessful treatment or persisting thrombus
formation after treatment failure. This was
continued for 12 hours.

Results
Shortly after the end of the catheterisation 15
(7-3%) of 205 patients showed impaired
arterial perfusion of the cannulated leg. In six
(40%0) of these the arterial circulation became
normal during systemic heparin treatment.
Despite continued heparinisation arterial per-
fusion remained impaired in the remaining
nine patients (60%, 4-40% of 205 patients)
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Table 1 Patients with femoral artery thrombosis treated by systemic infusion of streptokinase

Interval between end of
Transarterial catheterisation and start

Patient No Age (yr) Weight (kg) Diagnosis balloon dilatation of streptokinase (h)

1 5 4 17 7 Aortic recoarctation + 144
2 16 88 TA - 51
3 1 2 7-0 VSD - 48
4 9 6 22 4 AVS + 48
5 04 66 AVS + 122
6 110 25 4 AVS + 24
7 0 08 5 2 AVS + 24
8 66 172 MPPS + 19
9 0 02 3 2 PA, VSD - 56
Mean (SD) 3 9 (4 3) 12 6 (8 1) 597(440)

TA, tricuspid valve atresia; VSD, ventricular septal defect; AVS, aortic valve stenosis; MPPS, multiple peripheral pulmonary
stenoses; PA, pulmonary atresia.

Table 2 Systemic streptokinase infusion in nine patients with femoral artery thrombosis after retrograde arterial
catheterisation

Loading dose in Infusion dose
Patient No 30 min (U/kg) (Ulkg/h) Duration (h) Complications

1 1000 1000 29 None
2 1000 1000 7 None
3 1000 1000 12 None
4 2000 1000 58 Haematoma groin
5 3000 1500 8 None
6 3000 1000 24 Bleeding groin
7 3000 1000 24* None

3000 2000 45
8 3000 1000 120 None
9 3000 1000 72 No effect

*Because of an inadequate result after 24 hours of treatment the dose of streptokinase was increased after another loading dose.
This was successful after 45 hours.

59 7 (44 0) hours (range 19-144 hours) after
the procedure and femoral artery thrombosis
without vascular spasm was strongly suspec-
ted (table 1). Six of these nine patients had
undergone a transarterial balloon dilatation.
The median weight of these children was 12 6
(8 1) kg (range 3 2-25 4 kg); five of them
weighed less than 10 kg. The median age was
3 9 (4-3) years (range 9 days-I 1 years).
During systemic streptokinase treatment

(table 2) arterial perfusion became normal in
eight (89o0) of nine patients after 7-120 hours
(mean 39 6 (38 9) hours). Because of persist-
ing impaired perfusion after 24 hours of treat-
ment the streptokinase dose was increased in
one patient (patient 7, table 2) after another
loading dose. This resulted in normal arterial
circulation after 45 hours. In the youngest
patient (patient 9, table 2) absence of pulses
and low systolic blood pressure persisted des-
pite laboratory signs of adequate fibrinolysis.
After 72 hours thrombolytic treatment in this
patient was stopped. However, femoral artery
perfusion was normal 5 days after the end of
streptokinase treatment. There were no signs

Table 3 Thrombin time and plasmafibrinogen
concentration before and during streptokinase treatment

Thrombin time (s) Plasma fibrinogen (g/l)

Patient No Before During Before During

1 17 28 30 20
2 19 56 26 08
3 - - 26 1 0
4 10 26 26 1 4
5 19 31 23 1-4
6 21 25 25 26
7 18 25 2-1 1-6
8 21 32 38 2-5
9 - - 37 08
Mean (SD) 17 9 (3 8) 31 9 (11-0) 2 8 (0-6) 1-6 (0 7)

of re-thrombosis at follow up after 3-20
months in any patient.
During streptokinase treatment the proth-

rombin time and partial thromboplastin time
did not change. The thrombin time increased
(from 17 9 (3 8)s to 31 9 (110)s, mean
relative increase of 0-85 (0-61) and the plasma
fibrinogen concentration decreased (from 2 8
(0 6) g/l to 1 6 (0 7) g/l, mean relative decrease
of 0 42 (0-24)). The fibrinogen concentration
did not change in patient 6, in whom strepto-
kinase treatment resulted in a normal circula-
tion after 45 hours (table 3).
There was no substantial bleeding during

or after streptokinase treatment except for
minimal bleeding at the arterial entry site that
could be stopped by groin compression. No
allergic reactions were seen.

Discussion
Obstruction of the femoral artery by thrombus
is a complication of retrograde arterial cath-
eterisation in children. This has been con-
firmed by arteriography in some studies.'13
Vascular spasm only contributes to femoral
artery obstruction shortly after the end of the
procedure.2 Spasm is unlikely to persist for
more than a few hours.2 In this study we
regarded persistent signs of impaired arterial
circulation despite heparinisation as being the
result of thrombus formation without vascular
spasm.
Femoral artery thrombosis is the most com-

mon complication after retrograde arterial
catheterisation in children1-3_it was reported
in 3-50o of patients despite increased
experience with catheterisation techniques,
better materials, and systemic treatment with
heparin.' 45 The result in our study (4-4%)
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accords with these earlier results. Further-
more, femoral artery thrombosis was 12 times
more common after retrograde transarterial
balloon dilatation than after arterial catheter-
isation alone (2060% v 1 7%). The larger
diameter of the balloon catheters and the
irregular surface of the balloon may contribute
to increased intimal damage and vascular
spasm.46 This is an important finding because
the number of retrograde transarterial balloon
dilatations has greatly increased in past years.-8
Young children, especially those weighing less
than 10 kg, have a higher frequency of femoral
artery thrombosis after retrograde arterial
catheterisation than older children and
adults.245 We found femoral artery thrombosis
in 14.70o of children weighing < 10 kg and in
2.3O, of children weighing > 10 kg. Although
tissue ischaemia after femoral artery throm-
bosis is rare, disturbance of growth and func-
tion of the leg can be impressive.249 Therefore,
it is very important to evaluate arterial per-
fusion ofboth legs after each retrograde arterial
catheterisation. Absent or reduced arterial pul-
sations, substantially decreased blood pressure,
pallor, and diminished skin temperature of the
cannulated leg after the end of the procedure
are reliable criteria for femoral artery obstruc-
tion.245

Persistence of impaired perfusion of the
femoral artery indicates that treatment is
needed. Surgical intervention, especially in
younger children, is associated with a substan-
tial risk of extending vascular damage.25 In
older children it has been undertaken with
varying success.'45 The use of thrombolytic
agents seems to be a preferable alternative.45
These agents act directly or indirectly as plas-
minogen activators. They activate plasmino-
gen, an inactive proteolytic enzyme in plasma,
to produce the fibrinolytic enzyme plasmin.'°
We treated our patients with streptokinase

because this is the agent that has been most
used in children for this indication. Strepto-
kinase is a protein obtained from group C /B
haemolytic streptococci.5 10 In our study
femoral artery thrombosis occurred in nine
patients after retrograde arterial catheterisation
despite continued heparinisation. These
patients were treated with systemic infusion of
streptokinase. We did not perform local arterial
infusion because this requires cannulation of
another artery with the attendant risk of endo-
thelial damage and possible formation of a new
thrombus."
In eight (89%) of nine patients systemic

streptokinase treatment was successful. This
accords with the results of two recently pub-
lished studies.45 The mean duration of treat-
ment was greater in our patients than in these
other studies (37 9 v 13-0 hours). Older
thrombi are more resistant to fibrinolysis.
Peripheral arterial thromboses that are >24
hours old need longer treatment with strepto-
kinase.5 1o In our study the interval between the
end of catheterisation and start of streptokinase
treatment was not clearly related to how long
treatment was needed. Despite laboratory signs
of adequate fibrinolysis, streptokinase treat-
ment was not immediately successful in one

patient (11 o) (the youngest in our series (9
days old)). Femoral artery perfusion was nor-
mal after 5 days, however. Recanalisation after
spontaneous resolution of the thrombus is
highly unlikely to have occurred in such a short
period. Failure of thrombolytic treatment in
neonates may be attributed to the lower con-
centrations of plasminogen or because the
functional activity of plasminogen is less than
the concentrations of plasminogen inhibitors
(especially a2 antiplasmin).12-14 Sometimes the
use of massive amounts of thrombolytic agents
may be successful in these cases.'4 Activation of
plasminogen by thrombolytic agents can result
in haematological changes (particularly an
increase of thrombin time and a decrease in
plasma fibrinogen as well as an increase in
plasma fibrin degradation products).'° 15 Mon-
itoring of prothrombin time, partial thrombo-
plastin time, thrombin time, plasma fibrin-
ogen, and fibrin degradation products is a
useful guide to adjusting thrombolytic treat-
ment to avoid systemic bleeding complica-
tions.' 1 15 In our patients there was no length-
ening of prothrombin time and partial throm-
boplastin time, but the thrombin time in-
creased and there was a moderate decrease in
plasma fibrinogen concentrations-both signs
of fibrinolysis (table 3).

Bleeding is the most hazardous complication
of systemic thrombolytic treatment. We saw no
serious bleeding complications in our study.
Bleeding from the arterial entry site is the
most common complication-particularly in
patients undergoing balloon dilatation pro-
cedures. This complication was seen in one of
our patients. Local compression will usually
stop the bleeding.45
During thrombolytic treatment invasive

procedures must be avoided.'0 Contraindica-
tions to thrombolytic treatment are the
presence of or predisposition to intracranial
haemorrhage, active internal bleeding (for
example, gastrointestinal), recent major sur-
gery (within 10 days), and a pre-existing bleed-
ing tendency.'5 If serious bleeding develops
thrombolysis must be stopped immediately and
coagulation changes reversed by the use of
fresh frozen plasma and cryoprecipitate.10
To avoid re-thrombosis after successful

thrombolytic treatment or when thrombus for-
mation persisted after treatment failure we
treated our patients with heparin. The optimal
anti-thrombotic regimen to prevent these
problems still needs to be established. Heparin
and/or aspirin have been recommended.'6 Like
other investigators we did not encounter re-
thrombosis in our patients.45
Treatment with streptokinase (a bacterial

problem) is occasionally associated with an
allergic reaction (rash, fever, nausea, a syn-
drome resembling serum sickness, and
anaphylactic shock) especially in patients
exposed to a recent streptococcal infection or
streptokinase treatment.'0 Urokinase, a human
product, is non-antigenic and can be used
instead of streptokinase.'0 There were no aller-
gic reactions in our patients.
The doses that we used and those used by

others in children were not established by
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pharmacological investigations but were
estimated from experience in adult patients.
These doses were safe and effective but we do
not know whether they are pharmacologically
optimal.

In our study group the early use of strepto-
kinase in the treatment of femoral artery
thrombosis after percutaneous retrograde cath-
eterisation in infants seemed to be beneficial.
Because proof of the efficacy of treatment with
streptokinase cannot be drawn from this study
we recommend that a randomised, controlled
study should be undertaken.
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